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DESCRIPTION OF PROBLEM 
Campylobacter (especially C. jejuni) are 

important human pathogens that cause 
foodborne illness ranging from self-limiting 
gastroenteritis to a number of severe sequela 
[l]. Campylobacter has been associated with 
poultry and poultry products and can be 
readily isolated from poultry production fa- 

cilities [2, 31, buds entering the processing 
plant [4,5], and the final product or fully pro- 
cessed broiler carcass [4, 6, 7. In the early 
1 9 8 0 ~ ~  research on the presence and level of 
Campylobacter in the poultry plant demon- 
strated that it could be isolated from water 
overflow samples and drip samples at various 
sites, which may represent areas of interest 
due to possible cross-contamination [4, 51. 

1 To whom correspondence should be addressed 
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Campylobacter was also isolated from ceca, 
carcass swab, and neck skin samples during 
processing [4, 81. Izat et al. [6] examined 
broiler carcasses by skin surface swabs at dif- 
ferent stages of processing. This study, 
done before implementation of the Pathogen 
Reduction Act, showed that Campylobacter 
levels before scalding were about 
lo00 cells/1000 cm2 of skin surface and fell 
through processing to 100-200 cefls/1000 cm2 
of skin surface after chill. More recent re- 
search done in a small  Scandinavian plant 
showed that vent cutter and eviscerator swab 
samples were positive, suggesting another 
possible cross-contamination site during 
processing [9]. 

Waldroup et al. [A found that modifica- 
tions of the poultry processing procedure can 
have a statistically si&icant effect on the 
levels of Campylobacter on the processed 
carcass. However, even with six process 
modifcations, most carcasses (5>100%) in 
this 1992 study were still positive for 
Campylobacter. 

Most work on Campylobacter in poultry 
plants was conducted prior to the enforcement 
of the Pathogen Reduction Act. This act has 
led to an increased number of wash/rinse pro- 
cedures designed to reduce or eliminate fecal 
contamination of carcasses. Further, most of 
the reports make no reference to any effort 
to follow individual flocks through the plant. 
Campylobacter, like other pathogens, is some- 
what flock-related in that most flocks test 
positive at the end of grow-out but some do 
not [2]. 

The present study was undertaken to ex- 
amine the current levels of Campylobacter on 
broilers by following birds from six different 
flocks as they moved through the processing 
plant. Such within-flock monitoring should 
show the effect of each processing step and not 
the level of flock contamination. A secondary 
objective was to compare the presence and 
level of Campylobacter to the total aerobic 
bacterial, coliform, and generic E. coli popu- 
lations on the same birds. Such comparisons 
are important because these populations are 
often used as an indication of microbiological 
quality of the processed broiler. This informa- 
tion may be useful to commercial processors 
in their effort to design an effective HACCP 
program for control of human pathogens on 
poultry and poultry products. 

MATERIALS AND METHODS 
SAMPLING SCHEME 

Samples were collected at a commercial 
broiler processing plant in north Georgia. 
Carcasses were collected at six sites within the 
plant: A) immediately prior to scald (after 
bleed-out), B) post-scald prior to entering the 
picker, C) post-pick before transfer to the 
evisceration line, D) immediately following 
the removal of the viscera (prior to the inside- 
outside washer station), E) immediately prior 
to entering the pre-chill tank (after the final 
washer), and F) post-chill before re-hang. 
Samples were taken at each site sequentially 
through the plant such that the same truckload 
of birds was sampled through the plant on 
each sample day in order to eliminate con- 
founding flock effects. At each sample site, five 
carcasses were removed from the line, using 
new clean latex gloves for each. Carcasses 
were placed individually into sterile plastic 
bags that were sealed and covered with ice. 
After collection of all carcasses, the samples 
were transported to the lab and held on ice 
until analyzed (within 2 hr of collection). Six 
trips were made to the plant; six flocks were 
sampled and the total sample number was 30 
carcasses for each sample site. 

PLANT SPECIFICATIONS 
All birds were taken off feed 6-8 hr prior 

to leaving the farm, and were transported in 
standard transport cages. Holding time at the 
plant ranged from 2-4 hr. Birds were dumped 
from the transport cages, hung on the kill line, 
shackled, and stunned with a brine stunner 
(12-24) volts pulsating DC). Birds were killed 
by severing the carotid artery and the jugular 
vein on one side of the neck, and were bled for 
75 sec prior to entering the scald tank. 

The scalder was a three-stage counterflow 
with 30-50 ppm Cl added to startup and 
makeup water. The carcasses were in the 
scalder for 2.5 min at an average temperature 
of 554°C. After leaving the scalder the car- 
casses passed through five banks of pickers, 
each with 30-50 ppm C1 spray. After picking, 
carcasses passed through a final picking room 
spray with 30-50 pprn C1. 

The carcasses progressed through an 
automatic re-hang and were eviscerated and 
inspected. After inspection, all carcasses were 
subjected to an inside-outside wash, and ahigh 
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flow, high pressure washer. Both washers and 
all evisceration spray nozzles used water with 
30-50 ppm C1. Carcasses underwent a pre- 
chill at 12-14°C for 10-12 min and a final chill 
treatment at 24°C for 50-55 min. Both chill 
tanks were treated with 20-40 ppm Cl. 

SAMPLE METHOD 
Sterile distilled water was added to each 

sample within the sterile bag. Carcasses from 
sites A and B (feathered carcasses with feet 
intact) received 300 mL of water; birds from 
sites C, D, E, and F each received 100 mL of 
water [lo]. Each carcass was placed in a 
bucket attached to a mechanical shaker and 
rinsed thus for 1 min. [ll]. Each carcass was 
aseptically removed from the bag, allowed to 
drain briefly into the bag, then discarded. The 
rinse liquid was cultured for Campylobacter, 
total aerobic bacterial, coliform, and E. coli 
populations. 

CULTURE METHODS 
Serial dilutions were made in phosphate 

buffered saline, and Campylobacter was 
enumerated by plating in duplicate onto the 
surface of Campy-cefex agar [12]. Plating was 
achieved by spreading 0.1 mL on the surface 
of each plate with a sterile plastic inoculating 
loop. Plates were then incubated at 42°C 
for 36 hr in a microaerophilic environment 

characteristic of Campylobucfer were counted. 
Each colony type counted as Campylobucfer 
from each sample was confirmed as a member 
of the genus by examination of cellular mor- 
phology and motility on a wet mount under 
phase contrast microscopy. Each colony type 

(5%02,10% C02, and balance N2). CFUS 

was further characterized as a member of the 
species jejuni, coli, or lari by a positive reaction 
on a latex agglutination test kit [13]. Total aer- 
obic bacterial populations were enumerated 
on plate count agar [ 141 by plating 0.1 mL from 
a serial dilution of the rinse diluent in dupli- 
cate on the surface of the agar; this was spread 
and incubated at 37°C for 18-24 hr prior to 
counting the resulting CFUs. Coliform and 
E. coli counts were made by plating 1 mL from 
a serial dilution of the rinse diluent onto dupli- 
cate E. coli Petrifdm plates [15]. Petrifilm 
plates were incubated at 37°C for 18-24 hr and 
colony types characteristic of coliforms and 
E. coli were counted. 

STATISTICAL ANALYSES 
Duplicate counts were averaged and 

these numbers were transformed by loglo. The 
loglo values were used to make geometric 
means within each site, or flock. These means 
were compared by student’s t-test. Pearson 
correlations were performed to study the rela- 
tionships between different bacterial popula- 
tions measured. All statistical manipulations 
were performed with Statistica release 5 [16]. 

RESULTS AND DISCUSSION 
The mean bacterial populations detected 

on whole carcass rinse samples from the six 
in-plant sample sites are reported in Table 1. 
The numbers were highest for all populations 
measured (total aerobes, coliform,E. coli, and 
Campylobacter) when the carcasses were 
sampled pre-scald. All counts dropped signif- 
icantly (P e .OS) after the carcasses were 
scalded. After defeathering, the counts of 

TABLE 1. Mean loglo CFU/mL of rinse from whole carcass rinse samples collected at various sites in the 

295% confidence interval. 

Figureswithin a column without like superscripts are significantlydifferent by student’s t-test (P<.O5). a-e I 
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coliforms, E. coli, and Campylobacter had 
increased significantly (Pc .OS), while total 
counts did not change. Campylobacter hci- 
dence and population increased between the 
end of scald and the end of the defeatbering 
procedure. Increase in Campylobacter counts 
following defeathering has been previously re- 
ported [6, 81. It has been suggested that the 
rubber fingers in the mechanical picker act to 
cross-contaminate birds that previously had 
low or undetectable levels of Campyiobacter 
[8,17]. Positive samples of feather picker drip 
water tend to support this hypothesis [4]. 
Another possibility is that contact between 
the picker fingers and the abdomen of the 
carcass causes release of gut contents still 
present in the lower bowel, leading to an in- 
crease in the populations of microorganisms 
commonly found in gut contents, such as coli- 
forms and Campyiobacter. As the carcasses 
moved through the rest of the processing 
plant, all counts decreased. Carcasses exam- 
ined after immersion chilling had the lowest 
mean counts of all populations measured. 

Each post-pick processing step (eviscera- 
tion, final wash, chill) resulted in a significant 
decrease in total aerobic bacterial counts and 
E. coli numbers recovered. However, coliform 
counts on carcasses sampled post-chill were 
not significantly lower (P c .05) than those 
taken immediately prior to chill. Overall, 
Campylobacter counts dropped as the flocks 
moved through the plant. However, neither 
the decrease from post-pick to post-eviscera- 
tion nor from post-final wash (pre-chill) to 
post - chill were significant. Interestingly, 
Campylobacter counts detected on positive 
carcasses leaving the chill tank were not sig- 
nificantly different from those detected on 

positive carcasses leaving the scald tank. 
When the carcasses exited the chill tank, the 
Camjylobacter incidence and population were 
once again roughly the same as those recorded 

The variation in Campylobacter popula- 
tion by flock is shown in Table 2. The data from 
the pre-scald sample site highhght the varia- 
tion possible in the presence and numbers of 
Campyiobacter on birds at entry to the plant. 
In Flock 1, only two of five carcasses were 
positive pre-scald with a mean population of 
2.9 loglo CFU/mL rinse, whereas in Flock 5 
five of five birds were positive at levels of 
5.8 loglo CFU/mL rinse. In general, less varia- 
tion is seen in the level of Campylobacter on 
carcasses at removal from the chill tank. With 
most flocks, post-chill Campylobacter levels 
were found to be near or at our limit of de- 
tection (10 cells/mL rinse). However, car- 
casses from Flock 5 had higher counts of 
Campylobacter coming out of the chill tank 
than going into the tank. Since post-chill is the 
only site where Flock 5 varied appreciably 
from other flocks, it seems likely that this 
might be due to some difference in processing 
parameters on that day rather than a flock 
effect. Aside from the post-chill outlier seen 
in Flock 5, all the flocks had the same type of 
Campylobacter count response at each pro- 
cessing step with respect to both direction and 
relative difference. 

A significant (P c .01) correlation was 
found between Campylobacter counts and 
total counts at the post-chill sample site. The 
R2 for this correlation was 0.73, indicating 
that more than 70% of the variation seen in 
total aerobic bacterial numbers may be ex- 
plained by a relationship to the Campylobacter 

post-scald. 

TABLE 2. Mean loglo 
plants as affected by flock (ns5) 

CFU/mL of rinse on positive chicken carcasses from various sites in the 
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population. However, this relationship re- 
quires more investigation, because it is possi- 
ble that both the Campylobacter and total 
counts are related to some other unmeasured 
factor. Statistically significant correlations 
were also noted between Campylobacter 
counts and coliforms at the post-scald and 
post-chill sites, and between Campylobacter 
and E. coli at the post-chill site. However, 

although the P values were low (P<  .Ol), 
theR2 values were also low, indicating that 
only a small percentage (29-30%) of the var- 
iation in Campylobacter counts could be at- 
tributed to the relationship to coliform or 
E. coli counts. Therefore, it would seem 
neither E. coli nor coliform counts are useful 
in predicting Campylobacter populations on 
broiler carcasses. 

CONCLUSIONS AND APPLICATIONS 
1. Overall, commercial poultry processing lowers the populations of Campylobacter found on 

2. Campylobacter populations and the percentage of birds positive decline after scalding but 

3. Each post-pick processing step tends to lower the level of Campylobacter on carcasses. 
4. The incidence and level of Cmpylobacter contamination can differ noticeably between 

5. Campylobacter populations on positive birds exiting the chill tank cannot be predicted by 

broiler carcasses. 

increase significantly during the picking process. 

flocks. 

E. coli or coliform populations. 
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